| INTRODUC TI ON
Brazil is not only a country with extremely species-rich forests, but also contains a diversity of non-forest ecosystems that cover about 30% of the country's area . Open and grass- . In the Pampa biome, located in the southern half of the state of Rio Grande do Sul, grasslands are the dominant natural vegetation type, giving way to forest vegetation only along rivers or in regions or sites with a more accentuated topography. These grasslands are part of the large grassland region that extends to Uruguay and central-eastern Argentina, collectively known as Río de la Plata grasslands (Soriano et al., 1992) . To the north of the Pampa, grasslands on the South Brazilian highland plateau (hereinafter referred to as "highland grasslands") in northern Rio Grande do Sul and in Santa Catarina and Paraná states form mosaics with forests of the Atlantic Forest, primarily Araucaria forest for a review).
Pampa and highland grasslands share many ecological similarities: they are species-rich ecosystems, with Poaceae, Asteraceae, Fabaceae and Cyperaceae as the most dominant families (Boldrini, 2009) , and both contain C 3 and C 4 grass species. In both regions, free-range cattle grazing is an important economic activity, and shrub and forest encroachment processes take place in the absence of disturbances (Blanco, Sosinski, Santos, Abreu, & Pillar, 2007; Oliveira & Pillar, 2005) . However, contrary to Pampa grasslands, highland grasslands are traditionally managed with fire at the end of winter due to increased temperature seasonality. Highland grasslands present lower carrying capacity during winter and thus are in general subject to lower livestock stocking rates throughout the year, which leads to higher amounts of ungrazed biomass during the growing season and increased standing dead biomass in winter.
As a consequence, farmers use fire at the end of winter in order to burn accumulated biomass and stimulate resprouting (Boldrini, 1997; . This fire management, while not reducing plant diversity (Overbeck, Müller, Pillar, & Pfadenhauer, 2005) , selects for species that have organs protected from fire and against species with an early-season development, such as C 3 grasses (Fidelis et al., 2010; . In Pampa grasslands, grazing pressure in general is higher, which may have negative consequences for productivity (Carvalho & Batello, 2009 ) and biodiversity (Mysterud, 2006; . It has been shown that the different management practices influence species distribution and especially their dominance patterns (see e.g., Andrade, Bonilha, Ferreira, Boldrini, & Overbeck, 2016; Koch et al., 2016 ), but no synthesis over different regions exists.
In recent years, there have been advances in the floristic knowledge of grassland ecosystems in the region, but studies usually considered single sites or, at best, smaller regions, and have been conducted using different sampling designs and methods (e.g., for Pampa : Caporal & Boldrini, 2007; Ferreira & Setubal, 2009; Freitas, Boldrini, Müller, & Verdum, 2009; Setubal & Boldrini, 2010; Pinto et al., 2013; Menezes, Müller, & Overbeck, 2015; Silva Filho, Macedo, Souza Vieira, & Neves, 2017 ; for highland grasslands : Zanin, Longhi-Wagner, Souza, & Rieper, 2009 ; Moro & Carmo, 2010 ; Kozera, Kuniyoshi, Galvão, & Curcio, Pampa, Paspalum notatum clearly was the most important species and the abundance of exotic species was higher.
Conclusions:
Our study provides the first classification of South Brazilian grasslands based on quantitative vegetation data recorded in a standardized sampling design.
The data support the division of grasslands into the main phytogeographic units of the region (Brazilian biome classification). Grasslands in these two regions also differ in terms of species dominance pattern (higher dominance in Pampa grasslands, likely also due to higher grazing levels) and in terms of conservation state (low presence of exotic species in highland grasslands). Our results are important for conservation policies, which can now consider the presence of different grassland types in different region, but more data will be necessary for a more detailed classification that considers different abiotic features in more detail.
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2012; Andrade et al., 2016; Moraes et al., 2016; Silva, Andrade, Velazco, Galvao, & Carmo, 2016) . These studies are important for describing local floristic patterns and grassland vegetation structure and can be used to describe regional vegetation patterns. Overall, they point to the dominance of highland grassland by tall-growing tussock grasses, and dominance of prostrate species in the Pampa.
However, a comprehensive analysis of the grassland vegetation in the entire region, highlighting similarities and differences in terms of characteristic species, is still lacking, even to evaluate if grasslands in the two phytogeographic domains -i.e., Pampa and highland grasslands -do in fact differ in terms of species composition. This is problematic, since a more detailed knowledge of vegetation patterns is a fundamental basis for conservation decisions, for instance, for the systematic planning of protected area networks that should consider the diversity of habitat or vegetation types (Margules & Pressey, 2000) and the singularities in distribution of biodiversity (e.g., Saraiva, dos Santos, Overbeck, Giehl, & Jarenkow, 2018) . At present, grasslands in the Atlantic Forest biome have a higher protection level, as specific legislation exists to protect all remnants of natural vegetation types in this region, a global biodiversity hotspot, including grassland vegetation (CONAMA, 2010) .
From a broader perspective, a general description of the Campos Sulinos region is important to enable comparisons between these grasslands and adjacent regions, such as the grasslands found in Uruguay (e.g., Lezama, Pereira, Altesor, & Paruelo, in press ), the Cerrado, or even with other grasslands in the world, like those under similar climatic conditions. Indeed, even within Brazil, the lack of knowledge on composition and ecology of South Brazilian grasslands has led -and continues to lead -to the use of inadequate terms for them, even in the "official" IBGE -Instituto Brasileiro de Geografia e Estatística (2004) vegetation classification that uses the terms "Steppe" or "Steppe-Savanna" for systems found under very distinct climatic conditions different from those of a typical steppe region (Wesche et al., 2016) .
Here, we provide the first general description of South Brazilian grasslands in terms of plant composition, based on data collected by a uniform sampling protocol with sites representing the entire region. Our data also allow a first floristic classification of these grasslands and thus the recognition of different grassland community types and their characteristic species. We expected to find a rather clear distinction between Pampa and highland grasslands, which also show climatic differences. Also, within the Pampa grasslands, we expected to find additional floristic differences due to soil features, e.g., humid vs drier conditions, and to geological substrates, as shown for Uruguayan grasslands (Lezama et al., in press ).
| ME THODS

| Study area
Our study region, the Campos Sulinos , encompasses two major phytogeographic systems in South America: the Pampean province, part of the Chacoan domain, and the Paraná province, part of the Amazonian domain (Cabrera & Willink, 1980) . This Palaeoecological studies have demonstrated that the dominance of grasslands through the Pleistocene to mid-Holocene can be attributed to a climate that was drier and cooler than today during the glacial period, and became warmer in the Holocene (Behling, 2002; Behling & Pillar, 2007; Behling, Pillar, Orlóci, & Bauermann, 2004) . Modern humid climatic conditions in the late Holocene led to the expansion of Araucaria forest and Atlantic forest from refugia (Behling & Pillar, 2007) , partially replacing grassland vegetation (Klein, 1960) where site conditions and the disturbance regime allowed this (e.g., Müller, Overbeck, Blanco, Oliveira, & Pillar, 2012) . The current climate is subtropical without a dry season and hot (Cfa) or temperate summers (Cfb) according to the Köppen system (Alvares et al., 2013) . The mean annual precipitation ranges from 1,000 mm in the south to 2,200 mm in the northeast, while mean annual temperature, mostly depending on altitude, ranges from 11°C to 20°C (Alvares et al., 2013) .
| Sampling design and data collection
Sampling was carried out during spring and summer between the years 2011 and 2013. We adopted a stratified, nested sampling design, with ten regional strata delimited primarily in terms of soil and geomorphology (Hasenack, Weber, Boldrini, & Trevisan, 2010 which was extended to the northern part of the highland grasslands). In the grassland portions of each landscape unit, we preferentially delimited three 70 m × 70 m plots in such a way that they represented the topographic variation within the landscape unit. We took care that these plots were covered by grassland, while excluding extremes in terms of habitat conditions, such as large rock outcrops, very steep sites, or permanent wetlands. Our focus was on mesic to poorly drained (but never permanently waterlogged) grass- shoots present in the quadrat (rooted within the quadrat or not) and identified them to the lowest taxonomic hierarchy possible. Species cover was estimated with a modification of Londo's (1976) 
| Data analysis
We subjected the matrix of relative frequency of all plant species in the 167 plots of 70 m × 70 m to complete linkage cluster analysis based on Bray-Curtis dissimilarity. We limited the analysis to a maximum number of ten clustering groups and tested the stability of groups in 10,000 iterations by bootstrap resampling (Pillar, 1999) . group. We compared groups regarding these parameters by permutation analysis of variance, using Euclidean distance (Pillar & Orlóci, 1996) . We identified indicator species significantly associated with each grassland group or set of groups by Indicator Species Analysis (Dufrêne & Legendre, 1997) , an appropriate complementary method to vegetation classification (Salovaara, Cárdenas, & Tuomisto, 2004) .
Aiming to assess the influence of general environmental characteristics such as geological substrate, soil fertility and drainage conditions, we plotted all 70 m × 70 m plots (categorized according to cluster groups) on simplified soil and geological maps. We constructed a simplified soil map based on the Brazilian soil survey mapped at a scale of 1:5,000,000 (Santos et al., 2011) . 
| RE SULTS
In total, 905 plant taxa were recorded in our sampling across the levels ( Figure 2 ), but only the classification into three groups was stable by bootstrap resampling (p > 0.05) (Pillar, 1999) see Appendix S3.
However, a finer classification within these three stable groups revealed, in total, ten groups that we described as grassland vegetation subtypes with clear indicator species (Table 1) , which is in line with our knowledge of and field experience with grassland vegetation patterns in the study region. Therefore, our classification ( Figure 2 ) identified a group A of mesic grasslands in the highland sites (grassland subtypes 1-4), a group B of mesic grasslands in the Pampa biome (grassland subtypes 5-8) and a group C of humid grasslands integrating sites both along the coastline and in the hinterland (subtypes 9-10).
| Highland grasslands (Type A)
| Grassland subtype 1
This group was composed of only three sampling plots in one landscape unit situated in the highland grasslands within an Araucaria forest matrix in northern Rio Grande do Sul, on shallow soils of the basaltic plateau (Figure 2 results, see Appendix S3). This group clearly separates from others due to specific site factors: situated in a private reserve, this is the only grassland site in our data set without influence of cattle grazing and fire (see Figure 3) , for today more than 20 years. Exclusion has resulted in reduced species richness in comparison with other sites (only 7.7 species per m 2 ; Table 2 ) and high dominance of a few tall-growing species (see also Overbeck et al., 2005) as well as forest encroachment (Oliveira & Pillar, 2005) . 
Family
Species
IndVal
F I G U R E 3
| Grassland subtype 2
Sampling plots of group 2 are also located in the highland grasslands in Rio Grande do Sul, likewise in the basaltic region and mostly close to the steep escarpments in the northeast, also with high precipitation levels and relatively low temperature ( 
| Grassland subtype 4
This group is the last, and northernmost, subtype of the basaltic plateau. Plots are found at sites with deeper soils, with sampling plots TA B L E 2 Species diversity and indicators of conservation state of grassland groups . Values of species richness and Simpson diversity index were compared among groups by permutation analysis of variance; different letters indicate significant differences (per column) 
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| Grassland subtype 6
The sampling plots from this subtype were found in three distinct 
| Grassland subtype 7
Sampling plots from this group, located on shallow soils, were restricted to a small region in the west of Rio Grande do Sul. These sites have the highest annual precipitation level among all sampled sites in the Pampa biome, with values similar to the lowest mean precipitation among the highland grassland groups. (Figure 3 ).
| Grassland subtype 8
This group was composed of only three sampling plots in one land- 
| Humid Pampa grassland (Type C)
| Grassland subtype 9
This group was composed of nine sampling plots in seven landscape units, situated both in the southwest, continental, part of Rio 
| Grassland subtype 10
This group was composed of sampling plots in the coastal region both in the northern and in the southern part of Rio Grande do Sul.
| 179
Applied Vegetation Science
Mean annual precipitation is also rather low when compared to the other groups (1,326 mm), and mean and maximum temperatures are also slightly lower when compared to the other groups in the Pampa region, probably as a result of its proximity to the sea. This last species is highly characteristic of coastal grasslands.
| D ISCUSS I ON
| A first general description of the South Brazilian grasslands
Our data allowed the first general description and classification of the South Brazilian grasslands (Campos Sulinos) based on a quantitative assessment of species composition across the entire region.
Data were obtained under a standardized sampling design. Estimates for the region indicate the occurrence of more than 3,000 plant species in these grassland ecosystems (Boldrini, 1997) . Our sampling of 56 landscape units with a total of 167 sampling plots revealed 905 vascular plant species, nearly one third of the estimated species pool for the Campos Sulinos region. We should, however, interpret this total number of species considering the focus of our sampling on mesic to humid grasslands, which excluded extreme, azonal sites occurring within the grassland matrix. It is well known that some habitats, such as rock outcrops, can be very rich in species from families specially adapted to these environments, e.g., Cactaceae, with many species restricted to the region (Saraiva, Sousa, & Overbeck, 2014) .
Small wetlands inserted into the grassland matrix also have a rich species composition; e.g., we find several species of Hippeastrum Herb. (Amaryllidaceae; Büneker & Bastianabral, 2017) . Additionally, many species, including endemics, have limited distribution patterns, such as those belonging to the genera Lathyrus L. and Lupinus L. ) and/or very small population sizes, e.g., in the genus Petunia Juss. (Fregonezi, Turchetto, Bonatto, & Freitas, 2013; Lorenz-Lemke et al., 2006) , and thus cannot be easily sampled with a design such as ours. Overall, our sample was adequate to characterize the species composition of the zonal vegetation of South Brazilian grassland ecosystems.
The Campos Sulinos emerge as a species-rich grassland region dominated, in terms of species cover, by C4 grasses. Among the ten species with the highest relative cover for the entire region, we found representatives from different life forms, i.e., the tussock grasses A. lateralis (C4; mean cover: 6.3%), P. montevidense (C3; 3.9%),
S. tenerum (C4; 2.7%) and P. plicatulum (C4; 2.2%); the rhizomatous grasses P. notatum (C4; 16.3%; the most abundant species over the entire region) and P. pumilum (C4; 2.0%); the stoloniferous A. affinis shrubs mechanically. A conspicuous species found throughout the region is E. horridum (Apiaceae), a large-growing spiny rosette species, which together with some co-generic species with similar habit can become very abundant, also in response to the disturbance regime (Fidelis, Overbeck, Pillar, & Pfadenhauer, 2008) , and likewise is often subject to specific management by farmers.
An important characteristic of the Campos Sulinos region is the coexistence of C3 and C4 grasses. Overall, 37% of grasses are C3, and 63% are C4. C3 grasses -Nassella E. Desv., Piptochaetium J.Presl and Chascolytrum Desv. (Biganzoli & Zuloaga, 2015) among the most species-rich genera -never reach abundance levels as high as those of the dominating C4 grasses, but they can be particularly abundant during early spring, before most C4 species starts their regrowth.
This also explains their importance for cattle grazing management, since these species provide high-quality biomass at a period when the C4 species are still not very productive due to low temperatures.
| Pampa and highland grasslands as two distinct grasslands regions within the Campos Sulinos
Our results support the division of South Brazilian grasslands into two phytogeographical units: the Pampa and the Parana province, according to Cabrera and Willink (1980) , which is the basis for the Brazilian biome classification (IBGE -Instituto Brasileiro de Geografia e Estatística, 2004). Grasslands of the two regions are distinct in terms of floristic composition, even though they share a large number of species, and we can thus consider them as discrete ecological units within Brazil's Campos Sulinos region. These differences reflect major phytogeographic patterns (Waechter, 2002) and may also be influenced by differences in ecogeographical speciation processes (e.g., Barros et al., 2015; Fregonezi et al., 2013) . Besides, the presence of distinct environmental features and differences in management between the two regionsmainly the rather frequent use of fire in the highland grasslands, and the absence of such practices in the Pampa (Boldrini, 1997; -likely contributed to shaping the extant plant communities (see e.g., Overbeck et al., 2005; ; on the effects of fire). Overall, this broad classification into two distinct grassland
types corresponds to the situation for forests (Oliveira-Filho, Budke, Jarenkow, Eisenlohr, & Neves, 2013) , where subtropical Atlantic and Pampean forests differ clearly in terms of composition. However, in contrast to our grasslands, Pampean forests are much reduced in species richness compared to the forests further to the north (Oliveira-Filho et al., 2013) .
Indicator species analysis (for complete results see grasslands, e.g., M. decumbens (Moro & Carmo, 2010) , others are widely spread shrubs that can form an upper layer in the grasslands, e.g., B. uncinella and B. pentodonta (Boldrini, 2009) , especially in situations after abandonment, i.e., exclusion of fire and grazing (Overbeck et al., 2005 . Importantly, these species are grassland species, even though they characterize early stages of forest encroachment in grassland, especially in the absence of management (Oliveira & Pillar, 2005) . Cham. and Centella asiatica (L.) Urb.. The latter is actually widely distributed, but much more common where humidity is higher. The grass P. pumilum is another typical species of the humid sites of the Pampa, but was shared, as an indicator species, with grassland subtype 2 in the highlands, the region with the highest precipitation (Table 3) . Paspalum pumilum was not found in the plots of subtype 1, which are under a similar climate, but due to grazing being excluded for two decades in the studied landscape unit, were dominated by tall grasses (Boldrini & Eggers, 1996; Overbeck et al., 2005) that outcompete low-growing species such as P. pumilum (see above).
| Similarity between the Campos Sulinos and other grassland regions
Few studies have, so far, tried to establish parallels between species composition and ecology of the Campos Sulinos and other grassland regions of the world. As expected, the Campos Sulinos, and especially the Pampa grasslands, share many features and dominant species with Uruguayan grasslands located just south and adjacent to our study region (Altesor, Oesterheld, Leoni, Lezama, & Rodríguez, 2005 
| Conservation state of the Campos Sulinos
A recent study, using part of our dataset (Staude et al., 2018) ,
showed that land-use change in the region, i.e., mostly the conversion of grassland into cropland or tree plantations, has led to losses in species richness and to biotic homogenization of grassland remnants. Overall, approximately 60% of the original grassland areas have been lost in the past decade and, depending on the region, 5%-17% of the remnant grasslands show signs of degradation (Andrade et al., 2015) .
On the other hand, the number and cover of exotic species in the region as a whole are rather low when compared to neighboring grassland regions (see also Rolim, Ferreira, Schneider, & Overbeck, 2015) . Interestingly, in our study, with its focus on natural grasslands, exotic species were much less frequent in highland compared to Pampa grasslands, indicating in the former a better conservation state of the remaining natural grasslands. However, a recent study including primary and secondary grasslands in the highlands revealed a considerable importance of exotic species (Koch et al., 2016) .
This, together with the fast and severe current land-use changes (Hermann, Lang, Gonçalves, & Hasenack, 2016) was introduced from Africa and is considered the most problematic invader in the region (Dresseno, Guido, Balogianni, & Overbeck, 2018; Guido, Vélez-Martin, Overbeck, & Pillar, 2016) . Another highly invasive species, Cynodon dactylon (L.) Pers. (Guido et al., 2016) , was an indicator for grassland subtypes 8 and 10. In highland grasslands as well as in the coastal region, the invasion of Pinus elliottii Engelm. strongly transforming natural environments has been identified as the cause of biodiversity loss. The presence of these invasive species is related to changes in land management in the region (Guido et al., 2016; Vila & Ibañéz, 2011) . In fact, all three of them have been and -with the exception of E. plana -continue to be used intentionally throughout the region. Overgrazing certainly is another problem in the region -as Carvalho and Batello (2009) point out this is a consequence of management policy that has mistakenly promoted the use of stocking rate as a measure of productivity instead of measuring actual productivity. Our data, e.g., the consistently high cover of P. notatum and other prostrate species, alongside with the invasion of, e.g., E. plana, is an indicator of the high grazing pressure, which is a problem not only for biodiversity, but for productivity as well (Mysterud, 2006) . Inappropriate management practices, the low protection levels of grasslands, and a forest-biased conservation policy (Brandão, Trevisan, & Both, 2007; Overbeck et al., 2015) , together with rapid land-use changes (Oliveira, Freitas, & Gianezini, 2017) , certainly put South Brazilian grasslands under threat, with some regional differences (see Andrade et al., 2015) . Further, our classification of South Brazilian grassland types should be useful for evaluating the efficiency of protected-area networks and for devising conservation strategies and policies.
| Perspectives and conclusions
Our classification of South Brazilian grasslands may be based on a small dataset compared to other studies that describe vegetation patterns. Nonetheless, the data permit a first general description of South Brazilian grasslands as a whole based on quantitative data, and a first description of principal vegetation units within these grasslands. Certainly, more detailed classifications, e.g., considering soil features or small-scale topographic variation (Setubal & Boldrini, 2010) , would have been possible if a larger database had been available. Our results should thus be considered as a first step towards a better knowledge of the Campos Sulinos and their floristic variation, but more research efforts are clearly necessary. In the past two decades, there has been considerable progress in taxonomic and ecological studies of South Brazilian grassland plants, which has facilitated field work and large sampling campaigns, also due to the close collaboration between ecologists and plant taxonomists (see Halme, Kuusela, & Juslén, 2015; Sheldon, 2016) .
On the basis of our existing database and other available studies, we should be able to identify regions for which the field data display gaps and conduct more directed sampling in order to improve the database for further studies. Apart from revealing more details about floristic patterns and community assembly processes (e.g., Menezes, Müller, & Overbeck, 2016) , future studies that increase the available data should also be directed to contributing to conservation and management strategies on a larger scale, e.g., by evaluating beta diversity patterns and protection gaps. This would also show the importance of field-based studies for conservation efforts and increase public awareness toward grassland vegetations.
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